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Description 

Background of the Invention: 

1) Field of the Invention: 

This Invention relates to hydrophilized porous membranes useful in such fields as water treatment and 
blood purification and to their production process, and more specifically to porous polyolefin membranes with 
their pores covered by a hyd'rophilic polymer and to a production process thereof. 

2) Description of the Prior Art: 

The fields of application of porous polyolefin membranes are expanding rapidly due to their excellent 
mechanical properties and chemical resistance. Porous polyolefin membranes are however hydrophobic and 
when used as it, water isallowed to permeate therethrough with difficulty. A hydrophilizing treatment is therefore 
indispensable to have hydrophilic liquids including water permeate therethrough. A variety of methods have 
been studied with a view toward imparting hydrophilicity through surface modification of polyolefin membranes. 
Hydrophilizing methods, which have been proposed for film-like materials featuring smooth surfaces, cannot 
be simply applied to impart hydrophilicity to porous membranes having complex surface configurations. 

As hydrophilizing methods for porous polyolefin membranes, there have been' known the organic solvent 
wetting and water substituting method in which the entire surface of a porous polyolefin membrane, inclusive 
of minute pores, is subjected to a wetting treatment with an organic solvent having good miscibility wiJh water 
such as an alcohol or ketone, followed by substitution of water for the organic solvent; the physical adsorption 
method in which a hydrophilic material such as polyethylene glycol or a surfactant is adsorbed on a surface of 
a porous membrane so as to impart hydrophilicity to the porous membrane (Japanese Patent Laid-Open Nos. 
153872/1979 and 24732/1984); and the chemical surface modification method in which a porous membrane 
is exposed to radiation while holding a hydrophilic monomer on a surface of the membrane (Japanese Patent 
Laid-open No. 38333/1981) or the porous structure of a hydrophobic resin is subjected to a plasma treatment 
in a state impregnated with a water-soluble high-molecular materiaf and a surfactant (Japanese Patent Laid- 
Open No. 157437/1981). 

In the organic solvent wetting and water substituting method, if water is once lost from minute pores during 
storage oruse, the part containing these water-free minute pores regains hydrophobicity and no longer permits 
the permeation of water therethrough. Accordingly, since it is always necessary to keep water around the por- 
ous membrane, the porous membrane is difficult to handle. Although the physical adsorption method is easy 
to practice, the hydrophilic material drops off if the resulting porous membrane is used over a long period of 
time. Therefore, this method cannot be regarded as a fully satisfactory hydrophilizing method. The conventional 
chemical surface modification method is accompanied by one or more problems. It is difficult to impart uniform 
hydrophilicity in the direction of the thickness of a membrane, when the porous membrane is exposed to radi- 
ation or subjected to the plasma treatment If one attempts to apply a hydrophilizing treatment uniformly over 
the entire thickness of a porous membrane when the membrane has a large thickness or is in the form of a 
hollow fiber, the mechanical strength of the matrix of the porous membrane is unavoidably reduced, leading to 
damage. 

Summary of the Invention: 

An object of this invention is to provide a porous polyofefin membrane holding firmly a hydrophilic polymer 
over almost all of the pore walls of the membrane, imparted with hydrophilicity of excellent durability and having 
sufficient mechanical strenght 

In one aspect of this invention, there is thus provided a porous membrane of a polyolefin which is 
hydrophilized by means of a hydrophilic polymer, characterised in that the hydrophilic polymer is a crosslinked 
polymer containing 50% by weight or more of diacetone acrylamide and is physically held on at least a part of 
the pore walls. 

In another aspect of this invention, there is also provided a process for the production of a hydrophilized 
porous membrane, which comprises the steps of (A) holding at least diacetone acrylamide, a crosslinkable 
monomer, and a polymerization initiator on at least a part of the pore walls of a starting porous membrane of 
a polyolefin, and (B) heating them to polymerize the monomers to obtain a hydrophilic polymer containing 50% 
by weight or more of d iacetone acrylamide. 
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Description of the Preferred Embodiments; 

In the present invention, the polyolefin forming the porous polyolefin membrane includes a polymer or 
copolymer composed principally (80 wt. % or more) of one or more monomers selected from the groug consisting 
of ethylene, propylene, 4-methyl-1-pentene and 3-methyM-butene, and the fluortnated (co)polymer thereof. 
The starting porous membrane may be in any form such as a hollow fibermembrane, planar membrane ortubu- 
lar membrane. Although starting porous membranes having various pore sizes may be employed depending 
on the end use, the preferred starting porous membranes may include those having a membrane thickness of 
about 20-200 urn, a porosity of about 20 - 90 vol.%, a water permeability of about 0.001 - 10 f/min-hr-mmHg 
(1 mm Hg = 1.333 mbar) as measured by the alcohol-dependent hydrophilizing method, and a pore size of about 
0.01 -5 urn. 

There are various pore structures of porous polyolefin membranes. Of these, porous polyolefin membranes 
obtained by the stretching method can be used preferably from the viewpoint that their porosity is high and they 
are hence less susceptible to performance drop due to clotting. Porous membranes obtained by the stretching 
method are those having a slit-like pore structure in which minute spacings (pores) formed by microfibriles and 
knot portions are communicated mutually in a three-dimensional pattern. They may be produced, for example, 
by the process disclosed in U.S. Patent No. 4,055,696 or 4,401 ,567. 

As to the shapes of the porous membranes, hollow fiber membranes are preferably used because they 
have large membrane areas per unit volume. 

By the term "at leasta part of the pore walls" of the porous polyolefin membrane of this invention, on which 
a crossl inked hydrophilic polymer is held , is meant a part or the entire part of the pore wal Is. 

It is sufficient if the crosslinked hydrophilicpolymeris held on the pore walls to the extentthat an acceptable 
flow rate is achieved through the membrane when the porous membrane is used by allowing water to permeate 
through its pores under the usual inter-membrane pressure difference. It is not absolutely necessary to cover 
the entire pore walls with the polymer. Furthermore, the hydrophilic polymer may be held or may not be held 
on the outer surfaces of the porous membrane. 

By the term "physically held" as used herein means that the polymer is bonded or otherwise adhered firmly 
to the pore walls to such a degree that the polymer does not drop off easily in the course of storage or use of 
the porous membrane. The polymer may firmly adhere to the pore walls by anchorage effects. Alternatively, 
the polymer may be adherently crosslinked in such a manner that it encloses the microfibriles or knot portions! 
which form the slit-tike pores. 

A hydrophilic polymer may also be held on the pore walls of a porous polyolefin membrane primarily by 
chemical bonds. This type of bonding is however not preferable, because the matrix of the membrane, such 
as microfibriles, is damaged upon bonding the polymerthereon. resulting in a modification to the pore structure 
of the porous membrane or a reduction to its mechanical strength. In the hydrophilized porous membrane of 
this invention, some chemical bonds may however exist between the porous polyolefin membrane and the 
crosslinked hydrophilic polymer so long as the existence of the chemical bonds does not raise any practical 
problem. 

In the present invention, a crosslinked hydrophilic polymer composed principally of diacetone acrylamide 
is held on the pore walls of a porous polyolefin membrane. This polymer has been selected for the following 
reasons. Compared with other polymers, (1)the above polymer can adhere firmly to a polyolefin and can hence 
be held firmly there; (2) it can be held almost uniformly over substantially the entire pore walls of a porous 
polyolefin membrane; (3) it has a suitable degree of hydrophilicity; and (4) it is substantially water-insoluble. 

The term "crosslinked hydrophilic polymer composed principally of diacetone acrylamide" as used herein 
means a polymer containing 50 wt.% or more of diacetone acrylamide [N-{1 ,1-dimethyl-3-oxobutyl)-acrylamide) 
as a monomer component. Asa copolymerizable monomer also composing the polymer, a crosslinkable mono- 
mer is used. However, a non-crosslinkable monomer may also be used in combination. 

Such a copolymerizable monomer is a monomer which is copolymerizable with diacetone acrylamide and 
contains at least one polymerizable unsaturated bond such as vinyl bond orallyl bond, and has a good solvent 
common to diacetone acrylamide. 

As an exemplary crosslinkable monomer, may be mentioned a monomer containing at least two polymeri- 
zable unsaturated bonds such as those mentioned above, or a monomer containing one of such polymerizable 
unsaturated bonds as those mentioned above and at least one functional group capable of forming a chemical 
bond by, for example, a condensation reaction. Illustrative examples of such a crosslinkable monomer may 
include N.N'-methylenebisacrylamide, N-hydroxymethylacrylamide, N-hydroxymethylmeihacrylamtde, triallyl 
cyanurate, triallyl isocyanurate, divinyl benzene, 2,2-bis(4-methacryloyloxypolyethoxyphenyl)propane, 
ethylene di(meth)acrylate, polyethyleneglycol dt(meth)acrylate, trimefhylolpropane tn'Orieth^crylate, pen- 
taerythritol tetra(meth)acrylate, trimethylolethane tri(meth)acrylate, butanediol di(meth)acrylate, hexanediol di- 
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{meth)acrylate, diallyl phthalate and 1,3,5-triacryloyl hexahydroxy-s-triazine. 

On the other hand, as exemplary non-crosslinkable monomers, may be mentioned dimethylmethac- 
rylamide, vinylpyrrolidone, acrylic acid, methacrylic acid, hydroxyethyl methacrylate, styrenesulfonic acid, 
sodium styrenesulfonate, sodium sulfoethylmethacrylate, vinylpyridine and vinyl methyl ether. 
5 Regarding the proportions of diacetone acrylamide and copolymerizable monomer which in combination 

form the crosslinked hydrophilic copolymer, it is preferable to use the copolymerizable monomer in an amount 
of about 0.5 - 100 parts by weight per 100 parts by weight of diacetone acrylamide. 

Since the hydrophilic polymer held on the pore wails of the porous polyolefin membrane is a crosslinked 
polymer in this invention, the hydrophilic polymer held on the pore walls of the porous polyolefin membrane 
10 undergoes only a small degree of swelling in water and has almost no potential danger to plug the pores. The 
hydrophilic polymer has further advantages that its stability is good and its components are dissolved out very 
little in water. The porous membrane is therefore effective in the field of water treatment or blood purification, 
where dissolved components cause problems even at trace levels. 

By contrast, a diacetone acrylamide polymer having no crosslinked structure undergoes swelling in water, 
15 reduces pore size and sometimes plugs pores, it also dissolves in water, albeit in a small amount A porous 
membrane with such a hydrophilic polymer held thereon has a potential danger of developing various problems 
upon its application. 

The greater the degree of hydrophilicity of the crosslinked polymer, the better the performance of water 
permeation by the resulting porous membrane. A water-soluble and crosslinkable monomer having a sufficient 
20 degree of hydrophilicity is preferable as the crosslinkable monomerfor the farmafjon of the crosslinked polymer, 
since water is allowed to permeate evenly through the entire membrane area of the resulting porous membrane 
in a short period of time after starting its use. 

Such a water-soluble and crosslinkable monomer is a crosslinkable monomer having a solubility of 1 .0 g/df 
or greater in water of 30°C. As illustrative examples of the crosslinkable monomer, may be mentioned N-hyd- 
25 roxymethylacrylamide, N-hydroxymethylmemacrylamide and N,N'-methylenebisacrylamide. 

The amount of the crosslinked hydrophjic polymer held on at least a part of pore walls of a porous polyolefin 
membrane according to this ivention is dependent on the porosity and pore size of the porous polyolefin mem- 
brane but is preferably about 0.5 - 100 wt.% based on the weight of the porous polyolefin membrane. Tf the 
amount of the thus-held crosslinked polymer is smaller than the lower limit, it is impossible to impart sufficient 
ao hydrophilicity to the porous membrane. On the other hand, any amounts greater than the upper limit cannot 
improve the hydrophilicity of the porous membrane any further. On the contrary, the volume of each pore is 
reduced so that the performance of water permeation is lowered. The amount of the thus-held polymer is more 
preferably about 0.5 - 50 wt.% T and most preferably about 1 - 30 wt.%. 

A description will next be made of processes for the production of the hydrophilized porous membranes 
35 of this invention. 

A variety of processes may be employed to hold the crosslinked hydrophilic polymer on the pore walls of 
the porous polyolefin membrane of this invention. The following method may be employed byway of example: 
A solution of diacetone acrylamide and the aforementioned copolymerizable monomer (hereinafter called 
"monomers" collectively) and a polymerization catalyst dissolved in a suitable solvent such as an organic sol- 

40 vent or water is prepared. A starting porous polyolefin membrane is then impregnated by the above solution 
by immersing the starting porous polyolefin membrane in the solution or by fabricating a membrane module 
with the starting porous polyolefin membrane and then causing the solution to penetrate under pressure into 
the porous polyolefin membrane, followed by evaporation of the solvent for removal. It is possible to cause the 
monomers to adhere almost uniformly over the entire surface of the porous membrane without plugging the 

45 pores of the porous membrane by using the monomers in a form diluted with a solvent The amounts of the 
monomers to be adhered can be adjusted by changing the concentrations of the monomers in the solution or 
changing the immersion or penetration time. 

After holding these monomers on at least a part of the pore walls of the porous membrane in the above- 
described manner, the solvent is removed and the monomers are then polymerized. It is h ence possible to hold 

so the resulting crosslinked hydrophilic polymer on at least said part of the pore walls of the porous polyolefin mem- 
brane. 

The solvent useful upon preparation of the above-described solution includes water or an organic solvent 
which has a boiling point lower than the monomers and can dissolve the monomers therein. When a polymeri- 
zation catalyst is added, it is desirable to use a solvent which can also dissolve the polymerization catalyst 
ss As such organic solvents, may be mentioned alcohols such as methanol, ethanol, propanol and isop- 

ropanol, ketones such as acetone, methyl ethyl ketone and methyl isobutyl ketone, ethers such as tetrahyd- 
rafuran and dioxane and ethyl acetate. Although no particular limitation is imposed on the organic solvent the 
organic solvent preferably has a boiling point below about 100°C and more preferably below about 80 o C 
4 
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because such a boiling point facilitates the removal of the solvent before the polymerization step. 

Since the surface of a "porous polyolefin membrane is hydrophobic, the monomers tend to be adsorbed on 
the pore walls with their hydrophilic groups oriented outward upon penetration of an aqueous solution containing 
the monomers into the pores, especially when water is used as a solvent. If the monomers are fixed in this 
5 state by polymerization, hydrophilicity can be imparted with extremely high efficiency. When water is used as 
a solvent, it is possible to bring the starting porous membrane into contact with the resulting solution without 
any pretreatment It is also possible to bring the starting porous membrane into contact with the solution after 
subjecting the pore wails of the porous membrane to a wetting treatment with an alcohol or ketone in advance. 

By contrast, use of an organic solvent as the solvent has the merit that the resulting solution is allowed to 
10 penetrate into pores of a porous polyotefin membrane in a short period of time and that the solvent can be 
removed with ease from the pores. 

Even when the monomers are polymerized in a state oriented at random on the pore wails instead of making 
use of the above-mentioned oriented adsorption, the resulting hydrophilic polymer has a greater degree of 
hydrophilicity compared to polyolefins. Compared with pore walls not holding the crossiinked polymer thereon, 
is pore wails with the crossiinked polymer held thereon have higher hydrophilicity. it is hence possible to obtain 
the porous polyolefin membrane in a form imparted with hydrophilicity. 

Need for a polymerization initiator is dependent on the manner of polymerization. A polymerization initiator 
is employed m heat polymerization or photopolymerization, but no polymerization initiator is required for radi- 
ation polymerization. 

20 in the case of heat polymerization, it is possible to use various peroxides, azo compounds and redox 
initiators which are known as radical polymerization initiators. As their examples, may be mentioned azo com- 
pounds such as 2,2'-azobisisobutylonitrile, 2,2'-azobiscyclopropyIpropionitrile, 2,2'-azobis-2,4-dimethyl- 
valeronitrile, and ^^azobis^.S^rimethylbutylonitrile; peroxides such as acetyl peroxide, propionyl peroxide, 
butyryl peroxide, isobutyryl peroxide, succinyl peroxide, benzoyl peroxide, benzoylisobutyryl peroxide, p- 
25 allyloxypropionyl peroxide, hexanoyl peroxide, 3-bromobenzoyl peroxide and bis-(4-t-butylcyclohexyl) 
peroxydicarbonate; and persulfates such as potassium persulfate and ammonium persulfate. 

A water-soluble polymerization initiator such as azobisisobutyramidine or 4,4'-azobis-4-cyanopentanoic 
acid is preferable especially when water is used as a solvent However, the above-mentioned water-insoluble 
polymerization initiators may also be emp loyed because they can stilf'be dispersed in water owing to the surface 
so activity of the monomers themselves. 

in the case of photopolymerization, it is possible to use photopolymerization catalysts, for example, 
benzophenone, benzoinmethyl ether, benzyl dimethyl ketal. fluorenone, 4-bromobenzophenone,4-chloro-ben- 
zophenone, methyl 2-benzoyIbenzoate, benzoyl peroxide, anthraquinone, biacetyl and uranyi nitrate. They may 
also be used in suitable combination. 
35 The proportions of the monomers and the solvent in a solution may be suitably chosen in view of the type 
of the solvent, the target amount of the resulting crossiinked hydrophilic polymer to be held and other factors. 
Per 100 parts by weight of the monomers, the solvent may be used in an amount of about 50 - 10,000 parts 
by weight, and more preferably, about 200 - 5,000 parts by weight. 

The proportions of dlacetone acrylamide and the copoiymerizable monomer in the monomer mixture may 
40 be suitable selected in view of the degree of hydrophilicity of the copoiymerizable monomer, target copolym- 
erization ratio and crosslinking degree and other factors. Per100 parts by weight of diacetone acrylamide, the 
copoiymerizable monomermay be used in an amount of about 0.5 - 1 00 parts by weight, and more preferably, 
about 1-90 parts by weight 

Further, per 100 parts by weight of the monomers, the polymerization initiator may be used in an amount 
45 of about 0.001 - 1 00 parts by weig ht, with about 0. 01 - 30 parts by weight being more preferred and about 0.1 - 
20 parts by weight being particularly preferred. 

If the solvent is used in any amount greater than the upper limit of the above range relative to the monomers, 
the amounts of the monomers to be held on the pore walls of the porous membrane will be too little to hold the 
resulting crossiinked hydrophilic polymer in a sufficient amount. If the amount of the solvent is smaller than the 
so lower limit, difficulties will be encountered in controlling the amount of the resulting polymer to be held. In addi- 
tion, the crossiinked polymer will be held too much on the pore walls and within the pores, leading to plugging 
of the pores. It is hence not desirable to use the solvent in any amounts outside the above range. 

When a starting porous polyolefin membrane is subjected to an immersion or penetration treatment by 
using the above-described solution, the immersion or penetration time may be about 0.5 second -30 minutes. 
55 This treatment can be effected in a shorter period of time as the wetting characteristics of the solution for the 
porous polyolefin membrane become better. 

After holding the monomers and, in some instances, the polymerization initiator on at least a part of the 
pore walls of the porous polyolefin membrane in the above-described manner, the accompanying extra solution 
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Is removed and if necessary the solvent penetrated in pores is caused to evaporate, followed by a polymeri- 
zation step. 

If the temperature becomes unduly high during the evaporation and removal of the solvent, the polymeri- 
zation is caused to proceed partly while the solvent still remains. The polymerization thus takes place in the 
5 interior of pores instead of the pore walls of the porous membrane and as a result, some pores may be plugged. 
Use of such a high temperature is therefore not desirable. In view of this possible problem, it is preferable to 
control the temperature within a range of 10 - 40°C during the removal of the solvent. 

tn the present invention, polymerization processes such as heat polymerization, photopotymerization, radi- 
ation polymerization and plasma polymerization may be used. 
10 In heat polymerization, the polymerization temperature is above the decomposition temperature of the 

above-mentioned polymerization catalyst It is also desirable not to exceed a temperature at which the mem- 
brane structure of the porous polyolefin membrane is changed and the matrix of the membrane is damaged. 
It is generally preferable to use a temperature of 30 - 100°C. Although the heating time depends on the type 
of polymerization catalyst and the heating temperature, it is generally about 1 minute - 5 hours and more pref- 
15 erabiy about 1 5 minutes - 3 hours in a batch process. Since the heat transfer efficiency is higher in a continuous 
process, the polymerization can be achieved in a shorter period of time. Therefore, the heating time may usually 
be about 1 0 seconds - 60 minutes, with about 20 seconds -10 minutes being preferred. 

In photopolymerization, ultraviolet rays or visible light can be used as the light to be irradiated. As the 
ultraviolet ray source, a low-pressure mercury lamp, high-pressure mercury lamp, xenon lamp, arc lamp orsimi- 
20 lar lamp may be used. 

It is necessary to choose suitable conditions for the irradiation of the light When a mercury vapor lamp is 
used as an exemplary light source, it is necessary to set the input at about 10-300 W7cm and to irradiate light 
for about 0.5 - 300 seconds at a distance of about 1 0 - 50 cm so that the porous polyolefin membrane is exposed 
to light with energy of about 0.001 - 10 Joule/cm 2 , or more preferably about 0.05-1 joule/cm 2 . 
2s If the intensity of the irradiated light is too small, it is difficult to achieve sufficient hydrophilization. On the 

other hand, a high irradiation intensity causes considerable damage to the porous polyolefin membrane. ]t is 
hence desirable to choose suitable light irradiation conditions with care while taking the membrane thickness 
and other factors into consideration. 

In the case of radiation polymerization, the polymerization can be conducted, for example, by irradiating 
30 electron beams to about 1 0 - 50 Mrad (1 rad = 1 0- 2 Gy) at a temperature below 120°C, more preferably below 
100°C, by means of an electron beam irradiation apparatus. 

If oxygen exists in the atmosphere upon polymerization, the polymerization reaction is significantly 
impaired. It is therefore desirable to effect the polymerization in a substantially oxygen-free state, for example, 
in an inert gas atmosphere such as a nitrogen gas atmosphere or in vacuo. 
35 When the crosslinked hydrophilic polymer is formed by using a crosslinkable monomer, the crosslinking 
reaction may be allowed to proceed concurrently with the polymerization reaction. Alternatively, it may be effec- 
ted subsequent to the formation of a copolymer. The crosslinking reaction, where it depends on condensation, 
may be effected by using the heat of the polym erizatjon reaction or by heating the polymerization system exter- 
nally. 

40 When a condensation-dependent crosslinking reaction isused, the crosslinking reaction maybe conducted 
by dissolving an uncrosslinked copolymer of dtacetone acrylamide and a crosslinkable monomer, which 
copolymer has been prepared beforehand, in a solvent, holding the resultant solution on the pore walls of the 
porous polyolefin membrane and then subjecting the copolymer to the crosslinking reaction in that state. Here, 
the uncrosslinked copolymer preferably has a molecular weight of about 10,000 - 500,000. If its molecular 

45 weight is unduly large, it is difficult to have the copolymer pe netrate into the pores of the porous polyolefin mem- 
brane. Use of such a large molecular weight is therefore not desirable. The more preferable molecular weight 
is about 50,000 - 300,000/. 

As described above, various polymerization processes can be employed in th e prese nt invention. It is how- 
ever most preferable to effect the polymerization by thermal energy. Since use of thermal energy allows even 

so pore portions of the porous membrane to be heated evenly, the monomers can be uniformly polymerized over 
the entire pore walls on which they are held. Heat polymerization has another advantage in that the polymeri- 
zation can be achieved without modification of the m embrane structure a nd deterioration of the membran e mat- 
rix if the polymerization temperature is suitably chosen. By contrast, the use of light energy involves the problem 
that the light cannot sufficiently reach the pore portions of the porous membrane due to scattering of the light 

55 If the irradiation intensity of the light is increased, afurther problem is developed in thatthe deterioration of the 
matrix of the membrane is accelerated. Furthermore, the use of radiation energy is accompanied by the draw- 
back thatthe membrane matrix is liable to accelerated deterioration. When these polymerization processes are 
employed, it is hence indispensable to choose with care polymerization conditionsjhat do not cause deterior- 

6 
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ation of the membrane matrix. 

Since the monomers or uncrosslinked copolymer held on the pore walls of the porous polyolefin membrane 
are polymerized or crosslinked in sttu by any of the above-described polymerization processes, at least a part 
of the pore walls of the porous membrane is covered by the resultant polymer. 
5 It is also desirable to remove unnecessary materials such as unreacted monomers or free polymer with 

an appropriate solvent subsequent to the formation of the crosslinked hydrophilic polymer. As the solvent, 
water, organic solvents or their mixed solvents can be used either singly or in combination. 

The hydrophilized porous membrane of this invention can be produced in the above-described manner. 
As a particularly preferable process, may be mentioned heating and polymerizing monomers, which include 
10 diacetone acrylamide and a water-soluble crosslinkable monomer, and in some instances, a polymerization 
initiator on at least a part of the pore walls of a porous polyolefin membrane so that they are held there. 

The use of a water-soluble crosslinkable monomer as the copolymerizable monomer can suppress the 
swelling of the resulting hydrophilic polymer in water, whereby the amounts of components to be dissolved out 
can be reduced further and at the same time, the hydrophilized porous membrane exhibits excellent water per- 
is meation performance. A hydrophilized porous membrane produced by heat polymerization has the merit that 
the crosslinked polymer is held uniformly in the direction of the thickness of the membrane and the matrix of 
the membrane is substantially free of damage. 

The individual steps of the process of this invention have been separately described above. It should how- 
ever be noted that such individual steps as holding of the monomers on the pore walls of a porous polyolefin 
20 membrane, removal of the solvent, polymerization and washing after the polymerization can be performed con- 
tinuously tn the present invention. 

According to the present invention, it is possible to hold a crosslinked hydrophilic polymerfirmly on the pore 
walls in a porous polyolefin membrane without lowering the mechanical strength of the matrix of the porous 
polyolefin membrane. 

25 Compared with a porous polyolefin membrane holding no hydrophilic polymer thereon, the hydrophilized 

porous membrane of this invention requires a significantly low water penetration pressure and therefore has 
extremely good water permeation performance. Since the crosslinked polymer is held firmly on the pore walls 
of the porous polyolefin membrane, its components are dissolved out very little even in a dissolving-out test in 
warm water. The hydrophilized porous membrane of this invention can therefore be used successfully in such 

30 fields as water treatment and blood purification, where high-temperature treatments may be involved. 

In particular, a hydrophilized porous membrane obtained from a polyolefin membrane rendered porous by 
the stretching technique has the merit that it exhibits good hydrophilicity and that the increase in filtration resi- 
stance due to plugging upon application of the membrane is minimized. 

The present Invention will hereinafter be described specifically by the following Examples. In each Example, 

35 a porous polyolefin membrane rendered porous by the stretching technique in which slit-like spacings (pores) 
formed byfibriles and knots communicated three-dimensionally was used and the pore size of the porous mem- 
brane was defined in terms of the average width and length of the slit-like spacings. Water penetration pressure, 
water permeability by the alcohol-dependent hydrophilizing method, and water permeability after the holding 
of a polymer thereon were each measured in accordance with the following methods by fabricating testmem- 

40 brane modules each of which had an effective membrane area of 1 63 cm 2 . In addition, the amount of polymer 
held, the knot strength and the cumulative dissolution (%) were also measured by the following methods, and 
the evaluation of the state of coverage of the pore walls by the polymer was effected by the following method. 

The solubilities of N-hydroxy-methylacrylamide, N,N'-methylene bisacrylamide and triallyl isocyanurate 
which were used in the following Examples were 197 g/df, 3 g/df and 0.1 g/d£ respectively. 

45 

(1) Water penetration pressure: 

Water of 25 C C was fed from one side (the inside of hollow fibers in the case of a hollow fiber membrane) 
of a test membrane module while raising the water pressure ata rate of 0.1 kg/cm 2 perminute. Water pressures 
so were separately measured when the cumulative quantity of penetrated water had reached 30 mF and 50 m£. 
The water pressures and quantities of penetrated water were plotted along the axis of abscissa and the axis 
of ordinate, respectively. The pressure at the crossing point between the straight line, which connected the thus- 
plotted two points, and the axis of abscissas was determined. The pressure was employed as the water pene- 
tration pressure. 

55 

(2) Water permeability by the alcohol-dependent hydrophilizing method: 

Ethanol was fed under pressure at a flow rate of 25 mf/min for 15 minutes from one side (the inside of 
7 
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hollow fibers in the case of a hollow fiber membrane) of a test membrane module which had not been subjected 
to any hydrophiltzing treatment, whereby the porous membrane was wet fully to the interior of its pores with 
ethanol. Thereafter, water was caused to flow at a flow rate of 1 00 m£ /min for 1 5 minutes so that the ethanol 
contained within the pores was substituted by water. Then, water of 25°C was caused to flow from one side 
5 {the inside of hollowftbers in the case of a hollow fiber membrane) of the test membrane module and the quantify 
of permeated water was measured at an intermembrane pressure difference of 50 mmHg. The water permeabi- 
lity (f/m 2 -hr-mmHg - 1 mm Hg = 1.333 mbar) was determined from the quantity of permeated water. 

(3) Amount of crosslinked hydrophilic polymer held: 

10 

The nitrogen content was determined by elemental analysis. On the assumption that the nitrogen had been 
derived only from the crosslinked hydrophilic polymer, and that the thus-formed crosslinked hydrophilic polymer 
had the same composition as the monomer composition, each polymer held on a porous polyolefin membrane 
was measured in terms of wt.% based on the unit weight of the porous polyolefin membrane. 

1S 

(4) Evaluation of the state of coverage of pore walls: 

Each porous membrane was immersed for 1 minute in the standard solution (blue) for wetting tests des- 
cribed in JIS K6768(1 971), which solution has a surface tension of 54 dyn/cm. Thereafter, the membrane was 
20 dried in air, and a transverse cross-section of the porous membrane was observed through an optical micro- 
scope to observe the state of distribution of the colored crosslinked hydrophilic polymer. 

(5) Knot strength: 

25 The knot strength of each porous hollow fiber membrane was measured in accordance with JIS L1 01 3. 

(6) Cumulative dissolution (%): 

Each porous membrane was immersed in warm water of 65°C in an amount 10 times the weight of the 
30 membrane. At a constant interval, the quantity of the organic carbon atoms in the warm water was analyzed. 
On the assumption that the quantity of the whole organic carbon atoms was derived only from the crosslinked 
hydrophilic polymer of the composition assumed in the above test (3), the cumulative dissolution was calcu- 
lated. Then, the cumulative dissolution (wt%) was determined relative to the amount of the crosslinked polymer 
held before the dissolving-out treatment 

35 

(7) Water permeability after holding the crosslinked hydrophilic polymer 

After feeding water at a pressure of 2 kg/cm 2 for3 hours from one side of a testmembrane module fabricated 
with a porous membrane holding a crosslinked hydrophilic polymer thereon (the inside of hollow fibers in the 
40 case of a hollow fiber membrane), water of 25°C was caused to flow from the other side of the test membrane 
module. The quantity of permeated water was measured at an intermembrane pressure difference of 66.65 
mbar (50 mmHg). The water permeability (f/m 2 -hr-mmHg - 1 mm Hg = 1 .333 mbar) was determined from the 
quantity of permeated water. 

45 Example 1: 

A porous polyethylene hollow fiber membrane having a slit-like pore with an average width of 0.4 um and 
an average length of 1.8 urn, a porosity of 63%, a membrane thickness of 70 urn, an inner diameter of 270 urn, 
a knot strength of 394 g/fil, a water penetration pressure of 11 kg/cm 2 , and a water permeability of 1.1 

so f/m^hr-mmHg (1 mm Hg = 1,333 mbar) as measured by the alcohol-dependent hydrophilizing method, was 
immersed'for 10 seconds in a solution composed of 100 parts of diacetone acrylamide, 5 parts of N-hyd- 
roxymethylacryiamide, 1 part of benzoyl peroxide and 1,000 parts of acetone. The hollow fiber membrane was 
thereafter taken out of the solution and dried in air for 5 minutes. The porous membrane was thereafter heat- 
treated at 65°C for 60 minutes in a nitrogen gas atmosphere and then immersed for 1 0 minutes in a 50:50 (by 

55 parts) mixed solvent of water and ethanol. By ultrasonic cleaning of the membrane for 2 minutes in warm water, 
unnecessary materials were washed off. The membrane was then dried in hot air to remove the solvent, thereby 
obtaining the porous membrane with a crosslinked hydrophilic polymer held thereon. 

The water penetration pressure, water permeability, amount of the crosslinked polymer held, knot strength 
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and cumulative dissolution (%) of the membrane were measured. The results are shown in Table 1 . 

The water permeation performance of the resulting hydrophilic porous membrane was excellent. The 
crosslinked polymer was held almost un iformly over su bstantialty the entire pore walls of the porous membrane. 
In addition, the knot strength did not decrease compared to the starting porous membrane. It was found that 
s practically no component were dissolved out after the 24th hour of dissolving-out test. 

Examples 2 -4: 

Crosslinked hydrophilic polymers were separately held on porous membranes under the same conditions 
10 as in Example 1 except that N-hydroxymethylacrylamide was used as the crosslinkable monomer in the 
amounts shown In Table 1 . 

The performance of the porous membranes obtained in the above manner was evaluated. The results are 
also shown in Table 1. 

15 Example 5: 

A porous polyethylene hollow fiber membrane having a slit-like pore with an average width of 0.2 nm and 
an average length of 0.7 urn, a porosity of 45%, a membrane thickness of 22 jim, an Inner diameter of 200 urn, 
a water penetration pressure of 12 kg/cm 2 and a water permeability of 0.54 £/m 2 'hr-mmHg (1 mm Hg = 1.333 

20 mbar) as measured by the alcohol-dependent hydrophflizing method was converted into a porous membrane 
having a crosslinked hydrophilic polymer held thereon in the same manner as in Example 1 except that a sol- 
ution composed of 100 parts of diacetone acrylamide, 5 parts of N,N'-methylene bisacrylamide, 5 parts of 2,2'- 
azobisisobutyronitrile and 800 parts of acetone was used as a treatment solution and the heat treatment was 
applied at 65°C for 60 minutes. The performance of the porous membrane was evaluated. The results are 

25 shown in Table 1. 

The crosslinked hydrophilic polymer was held almost uniformly over substantially the entire pore walls. It 
was also found that practically no components were dissolved out after the 24th hour of dissolving-out test. 

Examples 6-8: 

30 

Crosslinked hydrophilic polymers were separately held on porous membranes under the same conditions 
as in Example 5 except that N,N'-methylene bisacrylamide was used as the crosslinkable monomer in the 
amounts shown in Table 1 . 

The performance of the porous membranes obtained in the above manner was evaluated. The results are 
35 also shown in Table 1 . 

Example 9: 

A planar porous polyethylene membrane, which had slit-like pores having an average width of 0.8 urn and 
40 an average length of 3.0 urn, a porosity of 70%, a membrane thickness of 42 pm, a water penetration pressure 
of 4.5 kg/cm 2 and a water permeability of 3.5 rVm^hr-mmHg as measured by the alcohol-dependent hydrophili- 
zing method, was converted into a porous membrane having a crosslinked hydrophilic polymer held thereon 
in the same manner as in Example 1 except that a solution formed of 100 parts of diacetone acrylamide, 5 parts 
of N-hydroxymethylacrylamide, 10 parts of benzoyl peroxide and 330 parts of methyl ethyl ketone was used 
45 as the treatment solution and the heat treatment was applied at 60°C for 60 minutes. The performance of the 
porous membrane was evaluated. The results are also given in Table 1 . 

The crosslinked hydrophilic polymer was held almost uniformly over substantially the entire pore walls. It 
was also found that practically no components were dissolved out after the 24th hour of dissolving-out test. 

so Examples 10-12: 

Crosslinked hydrophilic polymers were separately held on porous membranes under the same conditions 
as in Example 9 except that N-hydroxymethylacrylamide was used as the crosslinkable monomer in the 
amounts shown in Table 1. 

55 The performance of the porous membranes obtained in the above mannerwas evaluated. The results are 

also shown in Table 1 . 
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Example 13: 

A crasslinked hydrophilic polymer was held on a porous membrane under the same conditions as in 
Example 1, except that 5 parts of triallyl isocyanurate was used as the crosslinkable monomer. 

The performance of the porous membrane obtained in the above manner was evaluated. The results are 
also shown in Table 2. The crasslinked hydrophilic polymer was held almost uniformly over substantially the 
entire pore wails. 

Example 14: 

A crasslinked hydrophilic polymer was held on a porous membrane under the same conditions as in 
Example 5, except that 5 parts of triallyl isocyanurate was used as the crosslinkable monomer. 

The performance of the porous membrane obtained in the above manner was evaluated. The results are 
also shown in Table 2. 

Example 15: 

A crasslinked hydrophilic polymer was held on a porous membrane under exactly the same conditions as 
in Example 5, except that a solution composed of 1 00 parts of diacetone acrylamide, 1 part of divinylbenzene, 
0.3 part of benzoyl peroxide and 450 parts of methyl ethyl ketone was used and the immersing time and heat 
polymerization conditions were set at 3 seconds and at 70°C for 60 minutes, respectively. 

The performance of the above porous membrane was evaluated. The results are also shown in Table 2. 
The crasslinked hydrophilic polymer was held almost uniformly over substantially the entire pore walls. It was 
also found from the measurement of the cumultive d issoluBon (%) that practically no components were dissol- 
ved out after the 24th hour of dissolving-out test 

Example 16: 

Using a planar porous polyethylene membrane simitar to that employed in Example 9, a hydrophilized por- 
ous membrane of this invention was obtained in the same manneras in Example 9, except that a solution formed 
of 1 00 parts of diacetone acrylamide, 5 parts of triallyl isocyanurate, 5 parts of benzoyl peroxide and 300 parts 
of acetone was used and the immersing time and heat polymerization conditions were set at 3 seconds and at 
60°C for 30 minutes, respectively. 

The performance of the above porous membrane was evaluated. The results are also shown in Table 2. 

Example 17: 

A hydrophilized porous membrane of this invention was obtained in the same manner as in Example 1, 
except that a planar porous poly-4-methyl-1-pentene membrane containing slit-like pores, the average width 
and length of which were 0.2 fim and 0.5 jtm, respectively, and having a porosity of 43%, a membrane thickness 
of 35 jim and a water permeability of 0.2 f/m 2 -hr-mmHg as measured by the alcohol-dependent hydrophilizing 
method was used, the amount of the benzoyl peroxide was changed to 0.5 part, and the immersion time in the 
solution and the heat polymerization conditions were set at 3 seconds and at 75°C for 25 minutes, respectively. 
The performance of the porous membrane was evaluated. The results are also shown in Table 2. The crasslin- 
ked hydrophilic polymer was held almost uniformly over substantially the entire pore walls. 

Examples 18 -21: 

Porous polyethylene hollow fiber membrane of the same type as that used In Example 1 were continuously 
Jed ata speed of 2 m/min through a solution tank of 10 cm long, in which each membrane was subjected to an 
immersion treatment In a first pipe having a diameter of 2 cm and a length of 4 m, the accompanying solution 
was removed and each thus-immersed membrane was dried. Thereafter, each membrane was heated in a sec- 
ond pipe having a diameter of 2 cm and a length of 3 m so that the monomers were polymerized. 

Four types of solutions were employed separately. Their compositions were as follows: 
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Diacetone acrylamide 



100 parts 



N-bydroxyraethylacrylamide 



See Table 2 



Bis- ( 4-tertiary-butylcycIohexyl ) 



0.5 part 



peroxyd icar bonate 



Acetone 



660 parts 



Nitrogen gas of room temperature and hot nitrogen gas of 80°C were caused to flow through the first and second 
pipes, respectively, both at a flow rate of 3 f/mln. 

Subsequently, the hollow fiber membranes were each allowed to pass through a 50-cm long tankfllled with 
a 50:50 (by parts) mixed solvent of water and ethanol and then through a 1.5-m long tank from which warm 
water of 60°C was overflowed, whereby the hollow fiber membranes were washed. They were dried in a hot 
air atmosphere, thereby obtaining hydrophifized porous membranes of this invention. 

The performance of the porous membranes was evaluated. The results are also shown in Table 2. The 
crosslinked hydrophilic polymers were hetd almost uniformly over substantially the entire pore walls of those 
porous membranes. 
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Claims 

5 1 . A porous membrane of a polyolefin which is hydrophilized by means of a hydrophilic polymer, charac- 

terised In that the hydrophilic polymer is a crosslinked polymer containing 50% by weight or more of diacetone 
acrylamide and is physically held on at least a part of the pore walls. 

2. The porous membrane as claimed in Claim 1 , wherein the starting porous membrane has been rendered 
porous by a stretching technique. 

10 3. The porous membrane as claimed in Claim 1 , wherein the starting porous membrane is in the form of 

hollow fibers. 

4. The porous membrane as claimed in Claim 1, wherein the polyolefin is a polymer composed principally 
of at least one monomer selected from the group consisting of ethylene, propylene, 4-methyl-1-pentene and 
3-methy 1-1 -butene. 

is 5. The porous membrane as claimed in Claim 1 , wherein the crosslinked hydrophilic polymer Is a crosslin- 
ked polymer of monomers including diacetone acrylamide and a water-soluble and crosslinkable monomer. 

6. A process for the production of a hydrophilized porous membrane, which comprises the steps of (A) hold- 
ing at least diacetone acrylamide, a crosslinkable monomer, and a polymerization initiator on at least a part of 
the pore walls of a starting porous membrane of a polyolefin, and (B) heating them to polymerize the monomers 

20 to obtain a hydrophilic polymer containing 50% by weight or more of diacetone acrylamide. 

7. The process as claimed in Claim 6, wherein the monomers are held on at least said part of the pore 
walls of thestarting porous membrane by preparing a solution of the monomers dissolved in a solvent composed 
of water and/or an organic solvent, impregnating the starting porous membrane with the solution and then 
evaporating the solvent 

25 8. The process as claimed in Claim 6, wherein the starting porous membrane has been rendered porous 

by a stretching technique. 

9. The process as claimed in Claim 6, wherein the starting porous membrane is in the form of hollow fibers. 

10. The process as claimed in Claim 6, wherein the polyolefin is a polymer containing as a principal com- 
ponent thereof at least one monomer selected from the group consisting of ethylene, propylene, 4-methyl-1- 

30 pentene and 3-methyl-1-butene. 

1 1 . The process as claimed in Claim 6, wherein the solubil ity of the crossl inkabl e monomer in water of 30"C 
is 1 g/d£ or greater. 



55 Revindications 

1. Membrane poreuse en polyolefine, rendue hydrophile au moyen d'un polymere hydrophile, caracterisee 
en ce que le polymere hydrophile est un polymere reticule contenant50 % en poids ou plus de diacetoneacry- 
lamide et est physiquement maintenu sur au moins une partie des parois des pores. 
40 2. Membrane poreuse selon la revendicaSons 1, dans laquelle la membrane poreuse de depart a ete ren- 

due poreuse par une technique d'etirage. 

3. Membrane poreuse selon la revendication 1 , dans laquelle la membrane poreuse de depart est sous la 
forme de fibres creuses. 

4. Membrane poreuse selon la revendication 1 , dans laquelle la polyolefine est un polymere compose prin- 
ts cipalement d'au moins un monom&re choisi parmi I'ethylene, le propylene, le 4-methyl-1-pentene et le 3-me- 

thyl-1-butene. 

5. Membrane poreuse selon la revendication 1, dans laquelle le polymere hydrophile reticule est un poly- 
mere reticule de monomeres comprenant le diacetone-acrylamide et un monomere reticulable et soluble dans 
I'eau. 

50 6. Procede pour !a preparation d'une membrane poreuse rendue hyrophtle, qui comprend les etapes de 
(A) fixation d'au moins du diacetoneacrylamlde. un monomere reticulable et un amorceur de polymerisation, 
sur au moins une partie des parois des pores d'une membrane poreuse en polyolefine de depart, et{B) chauf- 
fage de ceux-ci pour polymertser les monomeres afin <f obtenir un polymere hydrophile contenant 50 % en poids 
ou plus de diacetone-acrylamide. 

55 7. Procede selon la revendication 6, dans lequel on fixe les monomeres surau moins ladite partie des parois 

des pores de la membrane poreuse de depart, par preparation d'une solution des monomeres dans un solvant 
compose d'eau etfou d'un solvant organ tque, impregnation de la membrane poreuse de depart avec cette solu- 
tion et ensuite evaporation du solvant. 

14 
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8. Precede selon la revendication 6, dans lequel la membrane poreuse de depart a ete rendue poreuse 
par une technique d'etirage. 

9. Procede selon la revendication 6, dans lequel la membrane poreusede depart estsous la forme de fibres 
creuses. 

10. Procede selon la revendications 6, dans lequel la polyolefine est un polymere contenant, en tant que 
son composant principal, au moins un monomere choisi parmi ethylene, le propylene, le 4-mefhyH-pentene 
et le 3-methyi-1-butene. 

1 1. Procede selon la revendication 6, dans lequel la solubilite dans I'eau du monomere reticulable, a 30°C, 
est de 1 g/dl ou plus. 



Patentansprfiche 

1. Porose Membran aus einem Polyolefm, die durch ein hydrophiles Polymer hydrophilisiert ist, dadurch 
gekennzeichnet , dass das hydrophile Polymer ein vernetztes Polymer ist, das 50 Gew.% Oder mehrDiace- 
tonacrylamid enthSIt und korperlich auf wenigstens einem Teil der Porenwande gehalten wind. 

2. Porose Membran nach Anspruch 1, bei der die porose Ausgangsmembran mit Hilfe elner Dehnungs- 
technik poros gemacht worden ist. 

3. Porose Membran nach Anspruch 1 , bei der die porose Ausgangsmembran in Form von Hohlfasem vor- 
liegt. 

4. Porose Membran nach Anspruch 1, bei der das Polyolefm ein Polymer ist, das hauptsachlich aus min- 
destens einem Monomer aus der Gruppe aus Ethylen, Propylen, 4-Methyi-1 -penten und 3-Methyl-1-buten 
zusammengesetzt ist. 

5. Porose Membran nach Anspruch 1, bei der das vemetzte hydrophile Polymer ein vernetztes Polymer 
aus Monomeren, einschliesslich Diacetonacrylamid und einem wasserioslichen und vernetzbaren Monomeren 
1st. 

6. Verfahren zur Hersteriung einer hydrophilisierten porfeen Membran, das folgende Schritte umfasst; (A) 
Halten von mtndestens Diacetonacrylamid, einem vernetzbaren Monomeren und einem Polymerisattonsinitia- 
torauf wenigstens einem Teil der Porenwande einer porosen Ausgangsmembran aus Polyolefin, und (B) Erhit- 
zen dieser Komponenten, wobei die Monomeren polymerisiert werden und ein hydrophnes Polymer, das 50 
Gew.% odermehr Diacetonacrylamid enthllf, erhalten wird. 

7. Verfahren nach Anspruch 6, bei dem die Monomeren auf wenigstens diesem Teil der Porenwande der 
porosen Ausgangsmembran gehalten werden, Indem eine L5sung aus Monomeren, gelQst in einem Losungs- 
mittel, das aus Wasser und/oder einem organischen Losungsmittel zusammengesetzt ist, hergestellt wird, die 
porose Ausgangsmembran mit der Losung impragniert wird und anschliessend das Losungsmittel verdampft 
wtrd. 

8. Verfahren nach Anspruch 6, bet dem die porose Ausgangsmembran durch eine Dehnungstechnik poros 
gemacht worden ist. 

9. Verfahren nach Anspruch 6, bei dem die porose Ausgangsmembran in Form ihrer Hohlfasem vorliegt. 

10. Verfahren nach Anspruch 6, bei dem das Polyolefin ein Polymer ist, das als Hauptkomponente min- 
destens ein Monomer aus der Gruppe aus Ethylen, Propylen. 4-Methyl-1-penten und 3-Methyl-14)Uten enthalt. 

1 1. Verfahren nach Anspruch 6, bei dem die Losl ichkeit des vernetzbaren Monomeren in Wasser von 30'C 
1 g/dl oder grosser ist 
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